INTRODUCTION
Molecular compounds that feature multiple, identical redox sites related by some element of symmetry, and which localize charge upon changes to the oxidation states of the redox centers are of interest as data elements and logic systems through the Quantum-dot Cellular Automata (QCA) concept [1] [2] [3] [4] [5] [6] , charge storage and memory applications [7] . The well-behaved redox chemistry of ferrocene derivatives has led to interest in molecules containing more than two ferrocene units around a common core, such as 1,3,5-tris(ferrocenylethynyl)benzene [8, 9] , tetraferrocenyl(nickel dithiolene) [10] and hexakis(ferrocenylethynyl)benzene [11, 12] , and the electronic structures of the mixed-valence compounds derived from them. For example, the mono-and di-cations derived by one or two-electron oxidation of {CpFe(η 5 In looking to extend such studies, the cross-conjugated 1,1,2,2-tetraethynylethene can be identified as a possible bridge structure capable of linking multiple redox-active sites to a common, conjugated core. The synthetic chemistry of this carbon-rich motif has been well established [13, 14] and hence tetra(ferrocenylethynyl)ethene (1) was envisioned as a potential target compound. This paper describes the synthesis of 1, the electrochemical and spectroelectrochemical (IR, UV-vis-NIR) response of this unusually conjugated multi-ferrocenyl redox system, and a description of the necessary in order to produce electrochemically and spectroscopically pure 1 despite the loss of overall yield this entailed. This instability is presumably related to the arrangement of four electron-donating ferrocene units around a highly conjugated organic core. Similarly, we have recently observed analogous instability in organic cross-conjugated systems based on an (E)-hexa-3-en-1,5-diyne-3,4-diyl fragment when the cross-conjugated core is substituted with four electron donating moieties [21] . Scheme 1. Synthesis of tetra(ferrocenylethynyl)ethene.
The synthesis of 5 largely followed the methods outlined in the work of Diederich [16] and Ren [15] . While the literature methods were found to be generally efficacious, several points are worth highlighting. In this work, the MnO 2 used in the synthesis of 4 was prepared according to a method described in the early literature [22] . Commercial MnO 2 was found to react inconsistently as the properties of this compound as an oxidant are highly dependent on the particle size/surface area of the material, and this appears to vary depending on the source. In addition we note that of the two previous reports on the series of compounds 3-5, only one noted successful preparation of compound 5 [15] , the earlier attempt using an ostensibly identical method having failed [16] . In our hands, the literature procedure for dibromoolefination [15] functioned perfectly well provided that the carbon tetrabromide used was purified by vacuum sublimation before use. Sublimation was necessary regardless of the reagent origin or age and following purification it could be stored indefinitely under nitrogen without loss of efficacy in this reaction. electrolyte, a significant separation of the individual redox events ensued, and four sequential, reversible, one-electron processes could be discerned ( Figure 2 , Table 1 ).
These individual events, better resolved by differential pulse voltammetry (DPV), can be attributed to the sequential oxidation of the four ferrocenyl centres in a similar manner to other multi-ferrocenyl compounds [10] [11] [12] as outlined above, and consistent with a significant 'through-space' interaction between the ferrocenyl moieties [10, 23] . Optimisation of the four initial structures of [1] n+ (n = 0, 1) at the BLYP35-D3/def2-TZVP/COSMO(CH 2 Cl 2 ) level predicts the "planar" structure (all ferrocenyl moieties co-located on the same face of the tetraethynylethene ligand) to be energetically most favourable, not only in case of the neutral compound (n = 0) but also for the cation (n = 1). However, in each case (n = 0, 1) the energies of the different conformers differ little ( Table 2) The compositions of the highest occupied molecular orbitals (HOMO) and lowest unoccupied molecular orbitals (LUMO) of the neutral isomers are shown in Table 3 .
Quantum Chemistry
On average the HOMO and LUMO have only small metal contributions of 16 % and 9 %, respectively. Differences between the conformers in terms of the contribution and distribution of the metallic contribution to these frontier orbitals are negligible.
For each conformer, the HOMO and LUMO are better described in terms of the π-system of the tetraethynylethene backbone (Table 3) In the case of the oxidised species [1] + there is significant orbital re-ordering, and the frontier molecular orbitals of all conformers exhibit a considerable degree of localisation on one ferrocenyl moiety (Table 4 , Figure 8 ). The LUMO and in particular SOMO now exhibit appreciable localisation on the oxidised metal centre (Fe(2)), in clear support of a localised MV radical cation. The tetraethynylethene π-system which comprises the HOMO in 1 descends below the SOMO in [1] + and forms the first doubly occupied HOMO with only slightly more metal character than the HOMO of the neutral complexes (cf. Table 3 ). While not a thermochemically optimized functional, BLYP35 has been shown to provide good agreement with ground-and excited-state experimental data for organic mixed-valence systems, [38] [39] [40] [41] [42] as well as for mixed-valence transition-metal complexes [24] [25] [26] . Since all experiments were carried out in dichloromethane (permittivity ε = 8.93), it has been modeled by the conductor-like screening solvent model (COSMO) [43] . Semiempirical dispersion correction terms within Grimme's DFT-D3 approach [44] were added, as implemented in TBM 6.4 [45] . For all calculations Triple-zeta basis sets (def2-TZVP) were used with grid size m3 (grid 1 for the SCF and grid 3 for the final energy evaluation) [46] . Spin-density isosurface plots were obtained with the Molekel program [47] .
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